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Challenges in Computer Aided
Design/Automatic Cost Estimating for
Government and Aerospace Construction

Joseph A, Brown, CCE
DF-FED, Lead Cost Engineer
Kennedy Space Center, FL 32899

INTRODUCTION

The purpose of this presentation is to summa-
rize the many years of effort in development
of Computer Aided Design/Automatic Cost Esti-
mating using a VAX mini computer (CAD/ACE) by
explaining the reasons, the purpose, goals,
possible productivity improvements, problems,
challenges and some solutions; thereby helping
those computer professionals in industry and
government to learn from our accomplishments
and difficulties. This will help the con-
struction industry to understand why and how
to use this futuristic cost estimating system.
By listing the 24 problems, difficulties and
challenges, the next generation of CAD/esti-
mating will re better, faster and cheaper.
Computerization of ACE will benefit the Gov-
ernment, aerospace and construction indus-
tries, and our society. Our main purpose’ is
to improve estimating accuracy, save time in
estimating by making it faster and more auto-
matic, thereby saving money. It will also
provide time for more cost engineering and
ultimately more cost effective and efficient
construction. .

The present manual and computer estimating
methods require time consuming quantity take-
offs, looking up, pricing out and marking up
of cost estimates. A CAD/computer system can
do this faster and be more accurate, using the
CAD drawing file for quantities extraction.
Three of our goals; to keep it simple, easy to
use, and do as much as possible automatically;
are probably our biggest challenges. An oper-
ational analysis and efficiency analysis of
manual versus computer estimating will be
shown with projection for CAD/ACE, with the
impact of customization of CAD estimating
software for Government and aerospace. Flow
charts, graphics and estimating steps neces=
sary for the CAD Estimating System being
tested will be shown along with a sample com-
puter estimate, bids, CAD estimate and menu.
By explaining some of these problems and solu-

tions, it is hoped that with many other engi-
neering computer professionals involved in the
development of different concepts, productiv-
ity improvements may move successfully to

overcome problems faster and more effectively.

HISTORY - BACKGROUND
COMPUTERS, CONSTRUCTION COMPUTER ESTIMATION

In the mid-sixties (1963-1967), computers were
successfully used in design, planning, sched-
uling and construction of the Vertical Assem-
bly Building (VAB), the world’s largest build-
ing at the time of construction. The 57,000
tons of structural steel were computer coded.
This 120 million dollar building was success-
fully completed and was an important milestone
for the successful Apollo Lunar Program, with
man’s first moon landing in July 1969.

Computer Symposium

On November 7-8, 1969, the Florida Section of
the American Association of Cost Engineers
(AACE) held its first symposium, “Computers
Are Working In Construction," at Cape Canav-
eral, Florida, featuring some ¢reators, devel-
opers and pioneers of Computer Estimating,
Cost Control, Accounting, and Planning Sys-
tems.

Symposium Proqaram

COST ACCOUNTING - Carl Brown of Wellam
Lord

{Computerized) PIPING EFFICIENCY
PROGRAM - T. G. Papavero of Catalytic
Construction Company

COMPUTER PLANNING AND SCHEDULING -
Jessie Taylor of Wellam Lord

IBM PRESENTATION - Computer Control of
Rpollo Using 360 Model 40

TELEPROCESSING - Paul Spindel of McKee,
Berger and Mansuetto

COMPUTERIZED ESTIMATING - Bill Orr of
Cost Systems Engineers, Inc.

PROVES/COST OF MAJOR EQUIPMENT
SCOPE/PDQS - AACE President, Gus Enedy of Dia-
mond Shamrock Corp.

On February 29, 1972, J. A. Brown sent a
S5-page memo to KSC management on the potential
benefits, etc., of Computer Estimating to KsC
aerospace construction. In 1974 a new design
engineering support contract was let to PRC,
who operated a new Computer Aided Drafting
(CAD) System, Applicon, which provided a lim-
ited bill of materjals and proved that the
real value of CAD was in revision; new and



similar projects could be used over again,
saving the initial data entry, which took
nearly the same time as manual drafting. In
1978-79 Mr. Ed Rich, Navy Cost Engineering,
reported on development on computer aided cost
engineering with computer cost database. On
June 4-8, 1979, Cost System Engineering, Inc.,
(CSEI) had a training seminar at KSC on Auto-
mated Construction Estimating Using the Orr
System of Construction Management which
resulted in the following:

TRIAL USE OF COMPUTER ESTIMATING SYSTEMS
Problems Encountered June 1979 - August 1980

The following are typical problems an estimat-
ing section had with the computer estimating
system using a main frame on a time-sharing
basis:

1. Frustration with equipment, telephone
instruments, interface, terminals, service
bureau, computers, etc.

2. Resistance to new ways of doing things.

3. Inability to fully comprehend complex com-
puter system with all it’s flexibility.

4. Lack of desire.to devote adequate effort
to develop and use system.

5. Inadequate manpower capability in Estimat-
ing/Cost Engineering.

6. Expected computer system to automatically
estimate accurately with little or no extra
input or adjustments. Did not use labor and
material difficulty factors to adjust estimate
to job conditions.

7. Fear of loss of job.

8. Stress - eyes (bifocal glasses), fatigue.
Comments and Recommendations of Cost Engineer
Observer, August 1980 - December 1981

1. Computer system must be made simpler and
easier to use.

2. 1If possible, eliminate need to look up
cost codes and have data more easily entered
in computer.

3. In CAD have quantity survey done by com-
puter eliminating need for costly time-consum-
ing task and cost codes and ready to input
into computer estimating system.

4. Develop program for standard format to
simplify computer use initially. Later as
experience develops, this flexibility can be
explored.

5. Get another company (estimating section)
that is more receptive to modern technology.

6. When owner/AsE/contractor goes to exten-
sive computer estimating, a computer terminal
operator and computer program (software/hard-
ware/data base) manager may be needed for six
months to three years to keep system working
properly and to develop additional capabili-
ties until owner personnel are ready to take
over total system responsibility. (Confirmed
by other cost engineers during specialized/R&D
work.)

7. An extensive training/incentive program
will be required to insure a successful cost-
effective computer estimating system.

8. Provisions need to be made for eyeglass

users reading CRT’s to prevent frustrations;
i.e., bifocals, etc. Better CRT's - resolu-
tion, adjustability, becoming more available
in 1983.

AN IDEAL COMPUTERIZED
COST ESTIMATING SYSTEM

Based on comments of Cost Engineer Observer
and ideal computer Estimating System with 16
Features/Requirements/Capabilities were devel-
oped, some of which included:

Simplicity - The system should be simple, easy
to use, understand, learn and maintain.

Interactivity - Allow quantity inputs, cost
codes from computer design drafting system to
provide Automatic Computer Cost Estimates thru
CAD/ACCE/CADD. This would have five-way inter-
activity through CAD, design, cost, construc-
tion, plan and schedule, and management. Note:
July 1989, ACCE changed to ACE by author.

Judgment Factor - Allow for estimator/cost
engineer (E/CE) 3judgment factors.

n - Ensure the labor and materials
prices, data base, etc., are properly main-
tained to give complete, current, accurate
cost information. Have a large, accurate
up-to-date and complete data base.

view and - Have quanti-
ties, labor and materials, unit prices, and
totals in all detail printouts for easier
review and updating.

Have mechanical and electrical labor costs in
manhours for easier review and updating.

- Provide labor and materials
breakdown with total manhours, per task and
ecraft, and crew days for planning and schedul-
ing; for CPM and construction duration; and
for procurement and subcontractor information.

Provide Metric-American conversions.

Automatic Adjustment - Have prices automati-
cally adjusted to the local construction envi-

ronment with minor input.



- Have the ability to com=
pute quantities. For example: for concrete
LxWxHx No. of rows to give cubic yards (CY) of
concrete and square foot contact area (SFCA)
of form work. Not as necessary if it had CAD
capability.

r i - Have the
ability to summarize in many different ways —-
bid, trades, labor and materials, 16 CSI divi-
sions, buildings, parameters, budget, systems,
etc.

Organized for cost engineers, estimators,
accounting, cost centrol, plan, schedule, etc.

- Have capability to do
budget /conceptual, preliminary, detail labor
and materials, bid, etc.

r ili - These features, with
emphasis on CAD/Estimating for Quantities,
were the basis for the author advocating the
CAD/ACCE simple concept since 1980 and pro-
jecting a state of the art Project Integrated
Computerization (PIC) concept to integrate
design, specifications, cost, construction,
plan and schedule, management and occupancy =
interactive integrated systems. See Chart
(1983-1989), Figure 3. This simple concept
was ta get the quantities from computer aided
design system and use a linkage program to
hook it to an CSEI Orr type system which was
the most complete and flexible computer esti-
mating system to make cost estimates automati-
cally, especially since the Orr system had
been set up with cost codes for budget, pre-
liminary and detail estimating.

1 "The Impact of
Computer Aided Design on Cost Engineering," by
Ed Zamoski and B. E: Seals, at the AACE 1982
Annual Meeting in Houston, TX, reinforces the
author’s commitment to CAD estimating with
excellent technical and slide presentation.

m Frank 0. Grady of
Goddard Space Flight Center presentation,
"Computer Use in Facilities", December 8-10,
1982, Cocoa Beach, FL. Serves as an excellent
overview in selection of CAD systems, capabil-
ities and costs and limited CAD/Estimating.

First CAD Estimates - 1983 - 1986

i by Owens Corning Fiberglass,

Administrative Engineering Service. Using

: by Robert Shaffer,
1981-1986; had mechanical electrical up and
running in 1983. Had total CAD/Estimating,
using Computervision/Orr Estimating/Apollo/Au=-
toTrol/Focus on IBM mainframe as of August
1986, with over 800 projects on file. System
makes ROM’s with plus or minus 25% in $10 to
$20 million projects in 80% less time than
manual estimating. Master code of accounts
for all cost codes cost $2.5 million for
development. Estimates by: Standard Process
Function, Unit Costs, and Standard Sets.

- Using Orr city to city is
good. Needs graphics to give engineers better

overview and also serves as a good check

sheet.

9,1 - NASA KSC signs contract for
51,350,059 for eight Intergraph work stations,

VAX processing an
ages and estimati

d integrating 39 design pack-
ng software ($31,500), ecc.

Estimate package proposed was using a Means

Cost Data Base.

Orr system was pot proposed

as he was not low sub bidder (wanted more
because of extensive development time (15

years} and costs
licenses.) Also,

for two years (October 7, 1985,

and royalty on future

orr data base not updated

CAD Estimating

Memo) . Also did not have a deliverable prod-

uct for VAX/VMS.

- Intergraph selects IBIS-CALC
European Estimating Software Package in Lieu
of Means. IBIS-CALC had no cost data base but
had ability thru correlation table to get more
usable construction estimating quantities,
such as cubic yards of concrete, form work,

rebar, etc.

— Manual vs. Computer Estimat-
The following is an opera-

March 11, 1966
ing vs. CAD/ACCE.
tional and efficiency an

estimating and computer ass
shown in “Cost Engineering,
June 1983, in an article by Lawrence C. Bacher
of Gilbane Building Company, 7 Jackson Walk-
The original

way, Providence,

RI
charts have been exten
3/11/86 (indicated by
Computer Aided Drafting an
Computer Cost Estimating CAD/ACCE*

02940.
ded by J. A. Brown,

*), to include Projected
d Design/Automatic
and revised

alysis for manual
isted estimating as
" yolume 25/A3,

7720/89, based on experience from developing
CAD/ACE prototype project Propellent System
Component Lab) PSCL.

Figure 1 Operation Analysis
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** A new item has been added for CAD/ACE which
may require 10-20% more time for customizing
for CAD projects and for special intelligence
input to CAD design to develop correlation
tables, etc.

- Hank Perkins and J. A. Brown
go to Huntsville, AL, for IBIS-CALC demonstra-
tion, Pyramid Assembly Program (See Chart,
Figure 4), with 26 levels of detail budget to
detail labor and material unit prices. IBIS-
CALC developed by Integrated Building Informa-
tion System, developed by Tricht and Brink and
European Co. Headquarters in Leidschendam,
Holland, making this an International Computer
Estimating Systemn.

CONSTRUCTION DOCUMENTS PHASE
COST ESTIMATE
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2 7 - DL-NED/DF-FED LCE contacted
Navy Facilities Engineering Command, A.
sadler, II, Head of Tost Engineering Branch,
concerning our use of Navy computerized cost
data base with IBIS-CALC System Estimating
Package because of thelr current and most com-
plete data base with Alpha numeric Cost Code
System linked to SPECSINTACT system with good
work description, Formal request by J. Phill-
ips, DE, Director of Engineering Development,
March 2, 1987. Formal approval given on April
17, 1987, by Harry M. Zimmerman, Navy Engi-
neering and Design.

- EG&G establishes IBIS-CALC
Project Preliminary Requirement, by Carlos
Ablanedo.

- DE support contractor hires an
engineer, Pat Tannner, to aid in development
of CAD/Estimating.

- Memo. April 5-8, 1988, Brinks
- Intergraph install Architectural Quantity
and demo IBIS-CALC introduction and training
given to KSC/DF-FED/EG&G, C. A. Swinkel, D.
Mueller. Flow chart with Architectural Produc-—
tion Design Product (APDP) and Data View
Development. (See Figure 5)
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- Management presentation to Jim
Towles, Director, Facilities Engineering, by
DF Lead Cost Engineer, on CAD Estimating
goals, purpose, need for training and projects
designed on CAD to make estimating for elec-
trical design projects. T3-T4 power feeder CAD
design - go ahead given. Other projects:

Pre- Engineered Metal Building (PEMB) and con-
crete masonry building (PSCL).

KSC CAD/ZSTIMATING MILESTONES

EG&G delivered a draft Intergraph/IBIS-CALC/Navy
Data Base Cost Estimate for the pilot project to
KSC Lead Cost Engineer on July 7, 1988. After fine
tuning the IBIS-CALC/Navy Estimating, the next stéep
is to put the pilct project in Intergraph/CAD-APDP
to get class codes for preliminary quantities.

October 11, 12, 1988 - Summary Briefing to Computer
Engineering Software Developer (Brinks Group repre-
sentative)

Goals - To make CAD/Estimates automatically; to
gave time and money; to improve accuracy of quan-
tity take-off, prices out and mark-up; to allow
more time for value engineering, cost engineering,
etc.; and to reduce turn-around time on critical
projects from weeks to days.

Possible Solutions to Estimating Problems

A. When Design on CAD - Bill of Materials
from CAD to AQUA (architectural quantities) to
IBIS-CALC (European estimating software package) -
pull from Navy cost database to price out and
mark-up to reduce estimating time 40-70%.

Allow estimator/cost engineer to:

1. Add line items missing from estimate, such as
testing, equipment, cranes, etc.

2. Adjust prices for a particular project by expe-
rience, vendor quotes and major cost items, cost
analysis of items such as steel, fill barrow, form
work, duct work, etc.



3. Make reports and summaries for different =T = -
situations - cost engineering, cost reduction,
plan and schedule, etc. |

data entry input - 10 line items of commands

i
4
i
ol g

u

4. Have minimum cost engineering computer | . : g
L
to get estimate. 'l

See Flow charts - Computer flow chart of soft-
ware programs/interface: CAD/APDP - Architec- ik st
tural Production Data Package; AQUA - Archi-

tectural Quantities; IBIS-CALC; Project File;

w
Databases - Navy, NASA KSC, CACES, Reference i I
Project. I .
&fﬂ' w‘“—

B. When the Design is Not on CAD - The I &r‘"—
Navy is developing a sonic digitizer system to =
speed up estimating take-off and make computer i |
aided estimating faster and easier, but not as o [ . -
fast or as accurate as CAD/ACCE. I

C. Prototype - = N ﬁ:* !
| !
1. Electrical Design Project - T3-T4, Figure ‘ ) [ ] i N
6. e i ‘
| I =
2. Concrete, masonry, office, lab, 4100 SF | ! | ! |
CMU - PSCL, Figure 7 { | | |
3. Pre-engineered metal building (PEMB) @
D. Work to be Done - Correlation Table PSCL LO
of Relations and Formulas (link class code to 0CT 1968 FloueE T
cost code) by Pat Tanner/Joe Brown/System Engi- REV. MAR 1993 ~
neer.
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E. CAD/ACCE Problems, Difficulties and
Challenges

1. APDP drawing not complete for PSCL: graph-
ics, concrete and block; dimension; descrip-
tions, finish schedule.

2. TIBIS-CALC Format - Summary of labor and

material, units quantities and unit prices;

separate labor and material mark-ups are not
available in Version 2.37 (IBIS-CALC Version
3.0 to solve these problems, Kees said)

3. Present Intergraph CAD, IBIS-CALC Navy
System, relationship not complete - civil,
mechanical and electrical not integrated.

(Some mechanical and electrical fixtures can be
incorporated by noting them as components in
APDP.)

4. Many quantities missing from APDP/AQUA -
foundations, structural, etc.

5. Excessive training time required to under-
stand and use the system. (May require six to
eight weeks of training time and hands-on to
become proficient; after system up and running
- 1 think 10-24 weeks, for formal classes,
supplemental training and practice.)

6. Keeping computerized cost data up to date
for local areas.

7. Limited budget to ideally customize
CAD/ACCE System.

8. Limited priority, resources.

g. Difficulty making CAD/RCCE faster, simple
and easy to use.

10. Difficulty in getting ALE’s to use Inter-
graph CAD, APDP (Auto CAD - Cheaper and easier
to learn and use).

11. Intergraph efforts are being concentrated
on microstration for auto CAD competition.

12. Llow priority allocated to processing
causes the slow VAX computer software/cost
database loading time of 27 hours. (Kees said
individual stand alone work station coming in
two years will solve some of this.)

13. Lack of user (cost engineering) input in
software program development. (Intergraph may
be hiring a cost engineering consultant by
early 1989.)

14. Difficulty in putting together off-the-
shelf programs (APDP, AQUA, IBIS-CALC) for
customized Government application. -

15. Negative finishes problem due to corrupt
drawing file - Cctober 1988/memo, 3/2/89

16. IBIS-CALC Computer Aided Design/Automatic
Cost Estimating using a VAX mini computer
Estimating Program cut itself off (built-in
timer) 7/1/89

Note: New compact disk CD-ROM disk with Octo-
ber 1988 cost database due January 1, 1989
(which includes Navy CES, NASA, Army and Navy
specification system).

Comments, Discussion and Summary

More experienced personnel dedicated to Archi-
tectural/Structural APDP are required.

Additional Intergraph APDP projects are needed.

Doing the review of the AQUA report file, it is
most important that the designer, computer

technician, estimator and LCE, especially,
evaluate error messages for intentional errors
or mistakes, and check quantities for correct-
ness or reasonableness. (1) Close open spaces
to get better quantities, (2) Floor area =
finish floor quantities, (3) Wall area = 2 x
finish areas; single walls have two sides.

Doing the review of the IBIS~CALC report, which
is used to generate the correlation table, the
designer, estimator, computer technician and
LCE work together to standardize the correla-
tion table for future projects. (It took
Brinks 15-20 projects to get most of their
(90%) class codes/correlation tables. They are
also using their CAD estimates to generate
their specification sections.)

After we get the APDP drawing corrected and
completed, it may take 1-7 days (?) for a cor-
relation table to get a more complete estimate.

COMPUTER ESTIMATING

The computer 90% design estimate for Orbiter
Landing Faciliy (OLF) 60 Hertz (cycles) Power
T-3 and T-4 feeder was delivered to J. King,
DF-FED-21, by J. Brown on November 3, 1988.
This project was designed on Intergraph 2D
Generic CAD by Tay Fitzgerald and R. Cason.
This is an important milestone in our goal
toward CAD/Automatic Computer Cost Estimating
(CAD/ACCE) . EGG/BOC-139 computer technician,
Pat Tanner, inputted Tay’s estimate into IBIS-
CALC stand-alone estimating program on VAX.
The Navy database was used as a reference file
for cost and supplemented with vendor quote and
KSC unique cost data, Figure 6.

KSC CAD ESTIMATING MILESTONE

A CAD Estimate for the PSCL Building was deliv-
ered to DF-FED Lead Cost Engineer on November
17, 1988, by Pat Tanner, based on PSCL drawing
for APDP class codes for quantity. See Figure
8, A, B, & C.

February 23, 1989

The apparent low bidder for replacement of
power feeders at the shuttle Landing Facility
is GF&L Construction of Columbia, SC. This
project was bid February 23, 1989, as shown:

~
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1. Government Estimate $385,282

2. GF&L 5$396,000 +2.8%
3., East Bay Elect. $397,227 +3.1%
4. Military Const Inc. $398,770 +3.5%
13. $513,220

High Bidder
' See Figure 6

Due to the erratic price of copper, etc., cable
suppliers may be requiring contractors to buy
an extra 5% of cable length. This would add
$13,000 to the Government Estimate. This
project was designed on Intergraph CAD and
estimating, using Intergraph/IBIS-CALC/Navy
Database Computer Estimating System. The Navy
Database was used as a reference file for cost
and supplemented with vendor quotes and KSC
unique cost data. This was the first CAD
design computer estimated project for KSC.

This computer estimating system also allowed
worse case scenario, as well as updated govern-—
ment estimates, quickly, as the price of copper
kept changing during design and bidding. May
23, 1989 KSC LCE gives CAD ACE briefing for
Development of Microstation CAD Estimating.

June 1989 - Where are We?
PRESENT AND FUTURE TYPES OF ESTIMATES

Manual estimating has been used by Government
and general contractors’ estimators for over 75
years and will continue to be used by both the
Government and contractors’ estimators for
those many applications where computer estimat-
ing is not practical or cost effective, such as
unique, one-of-a-kind, and complex projects
with too many variables to justify extra train-
ing and customized computerization, etc. A
recent survey of manual vs. computer estimating
of 113 shows 71% making manual estimates and
only 29% making computer estimates. This is
after 20 years of computer estimating. How-
ever, 70% of those surveyed want to make and

i The
rrend toward more computer estimating should
continue as computer estimating becomes faster,
cheaper, more accurate, and easier to use;
especially with digitized estimating, voice
recognition, artificial intelligence and
CAD/ACCE (Automatic Computer Cost Estimating).
Computer estimating can be justified on repeti-
tive type projects or when two Or more esti-
mates are required. Therefore, the following
four types/methods of estimating for the Gov-
ernment and contractors.

Present and Future Types of Estimatesg

1. Manual estimate, KSC Spec G-0002, TR
5-800

2. Computer estimates, CES/CACES/DOE

3. Digitized estimating, being developed
by the Navy.

4. CAD/ACCE being developed and tested by
NASA/Intergraph/IBIS-CALC

m The PSCL estimates were deliv-

Accomplishments
ered on 11/17/88 and 3/89 and proved that:

1. A project can be estimated from CAD quanti-
ties to get a falr and reasonable cost esti-
mate.

2. The architectural assemblies, elements,
wall, floor, ceiling (see type element chart)
and components can be used instead of a detail
database management system requiring cost/item
for each and every item in a building, thus
saving 10-50% of date line items in CAD draw-
ings quantities.

3. This accomplishment is now forcing the
developing of the next generation workstation
concept with integrated civil, structural,
architectural, mechanical and electrical design
packages to get a totally integrated cost esti-
mating system more automatically. There is
still a need for a simpler, faster and more
automatic computer estimating system that is
also IBM PC compatible.

THE 39 STEPS FOR DEVELOPING CAD ESTIMATES

1. Create (or copy) project (see figure 15)

2. Create (or copy) DDL (Data Definition
Language)

3. Add "AQUA" attributes

4. Add Code list #4 - finishes

5. Create (or copy) class code table )

6. "plan" which drawings are on which floors

7. Create (or copy) drawings

8. Place/manipulate graphics

9 n"Trace™ room perimeters

10. Compile database - can be done anytime
after Step 4

11. Load design file

12. Insert floor to drawing relations. See
Figure 9, Class Code Guide

AQUA

13. Manipulate finishes using the Tutorial

14. Establish relations

15. Label elements and graphic groups

16. Run AQUA report option

17. Review quantities and cross check

IBIS

18. Generate correlation table. See Figure
10, Sample Correlation Table.

19. Edit correlation table

20. Create IBIS-CALC input file

21. Edit IBIS-CALC input file

22. Create the new project

23. Process input file into project

24. MActivate reference project (Navy database
or KSC unique historical database) )

25. From top level of project, save triangle
to get prices and substructures

26. Calculate and print estimate by spec code

27. Add civil, mechanical, electrical codes
and quantities

g



28. Add new prices for missing priced items,
adjust prices for each unique project
(quantities and height)

29, Review cost estimates for accurate quan-—
tities and prices

30. Add missing cost line items not an draw-
ing, in specs, etc., such as testing,
scaffolding, construction, cranes,
hoists, trusses, etc.

31. Do cost analysis of all major cost items,
vendor quotes, etc.

32. Summarize mark-up; do other summaries,
etc.

33. Review overall estimate

34, Apply bid/market strategy = special con-
ditions, joint occupancy, dewn time
costs, etc.

35. Final mark-up (percentages)

36. Adjust for late vendor quotes, amendments

37. Final check

38. Approve bid estimate and get signatures

39, Get bid in on time

SUMMARY LIST OF PROBLEMS, DIFFICULTIES AND
CHALLENGES

1. The need for industry standardization,
architectural, structural,. mechanical and

electrical CAD input data so pricing can be
more accurate. An answer may be that CAD/1In~
dustry is now moving in this direction. (ENR
8/10/89, Corps seeks unity through CADD.)

2. The need for cost engineering standards of
cost codes (specC description). We used Navy
cost codes database but some are changing
again in 1989. (Good hope for the future with
MOU; Army, Navy and Air Force, October 1988,
Tri-Service Automated Cost Engineering Sys-
tem.)

3. The Bill of Materials from CAD programs
are not necessarily the construction estimat-
ing quantities needed to make a Detail Con-
struction cost estimate. The AQUA/IBIS-CALC
Estimating Program helped solve this problem
with a correlation table which also allowed
adding additional estimate quantities such as,
formwork, rebar, finishing, waste factor, etc.

4. The excessive training time required to
understand and used the system (10-24 weeks) .
It is hoped that with the workstation concept
and evolution of CAD estimating, this may be
reduced to 1-2 weeks.

5. The CAD drawings must be complete (with

intelligent information) to obtain accurate

quantities. A special estimation/cost engi-
neering review step will be required.

19

6. The government estimating system requires
a detail description, quantity, unit labor,
total labor, unit material, total material and
rotal line item cost column for each line
item, for review and evaluation. This is not
yet possible with the IBIS-CALC product. This
is also necessary for proper markups for
labor, payroll, taxes, insurance and material
and equipment taxes. This government format
may be coming on the next IBIS-CALC version,
via the workstation with CES.

7. It is most important that these estimating
programs can update the cost database easily
for local areas, etc. This is another
enhancement needed. We plan on working on
this with the Navy (CES).

8. The difficulties in getting AsE’s and
design engineers to use the CAD, with intelli-
gent drawing concept. It is still more expen-
sive initially; but with workstation CAD and

industry standardization; a more cost effec-

tive hardware and software; simpler systems;
and education; this problem will be gradually
solved as the benefits outweigh initial cost

and extra learning etc.

9. The hardware/software program developer
failure to have adequate end user (cost engi-
neer) input, requirements and responsibilities
in total system development is a common prob-
lem in computer program development.. By
emphasizing this problem here and now, 1t is
hoped that the next generation will be wiser,
resulting in a faster, cheaper, easier to use
and more cost effective product.

10. The excessive amount of customization for
each user is an expensive hidden cost consid-

eration. With industry standardization, work-
station CAD, linked to generic computer cost

estimating systems such as CES, MC?, Bautec/
Access, and Timberline, this problem should be
reduced to an acceptable level; keeping in
mind that each user will have unique require-
ments, most of which should be solved with a
more flexible CAD/ACE.

11. The need for a totally integrated design
and estimating program is necessary SO a com-~
plete cost estimate can be derived more auto-
matically. This is now being planned for the
workstation being developed for release in
July 1990. The new system is planned to have
integrated architectural, structural, civil,
space planning, HVAC, electric wiring, plumb-
ing and piping. The quantities captured from
unintelligent (dumb) drawings ({(see Figure 12)
will be a new feature.

12. The problem of keeping CAD/ACE simple is
probably one of the most difficult and yet the
most necessary for acceptance by A&E’s, own-
ers, government management, and primarily the
estimators/cost engineers. If it is to be
readily accepted and implemented as soon as
possible for more cost effective construction,

7



it is hoped the simplistic workstation concept
as compared to the mini computer system will
be a major step to make CAD/ACE more simple.
We will continue working on this with future
enhancements. See Figure 11. Note 21 steps
for manual estimating vs. 39 steps for CAD
estimating. CAD/ACE needs to reduce this to
10 steps. This should be accomplished after

the 15-20 projects are estimated and many of
the user variables can be identified, evalu-
ated and automated.

13. Making the CAD/ACE easier to use has been
one of the biggest challenges since estimat-
ing/cost engineers require years of education
and experience, and estimating may vary with
each project, each estimator and cost engi-
neer. Our work has been mainly centered on
detail labor and material government estimates
as required by T™ 5-800, KSC Spec G0002, and
the Navy CES. Due to limited R&D, funding our
efforts have been trylng to customize and
integrate many different hardware and software
programs which required many separate and dis-
tinct operations. This can be noted by the 39
steps shown previously to make CAD/ACE linking
up (39) separate/different programs to make a
complete estimate. The new workstation
CAD/ACE should be easier to use since it is
being designed and integrated for the worksta-
tion with 11 software packages in mind--see
sketch 4/12/89, Figure 12. It is being
designed for some of the more popular third
party computer estimating programs so the
estimator can use the program with which he is
most familiar and experienced, that also fits
his needs best. An example is KSC and Navy
using CES which is Rest suited for government
work. The Q-capture with unintelligent draw-
ings also could make it easier to add the
unique items not in CAD/ACE. It is hoped that
in developing the stand-alone system (See
Figure 13), it will be used by A4E/Estimators/
Cost Engineers without access to CAD ACE to
start using computer estimating tools. This
way, they will be ready when their firms start
using intelligent CAD and CAD/ACE.

14. Do as much as possible automatically, try
to limit the CAD/ACE to little data entry
since most estimators apparently dislike this
requirement of present computer estimating
system. This requirement will have to be
developed as more projects are implemented
into this system. It is hoped that many steps
can be automated through advanced programing,
artificial intelligence, voice recognition,
etc. The basic concept is to use CAD for
quantities and to use quantity extraction
software and correlation tables for cost
codes, specifications, description, and other
tools such as a data base management system
for listing and pricing out, a spread sheet
type program for pricing out and marking-up
the cost estimate. Also a report writing pro-
gram for formatting of reports and and to give
it the automatic flexibility not thought pos-—
sible nine years ago when the CAD/ACE concept
was first advocated.

In summary,
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we are continuing to develop the
mini-computer/CAD/estimating with the stand-
along version and requesting more CAD/APDP
design projects while advocating and cooperat-
ing in the development of the next version of
CcAD/ACE which we hope and pray will be the
futuristic cost estimating system (Figure 14)
that will provide time for even more ¢ost
engineering and ultimately more cost effective
and efficient construction for government and
aerospace and ultimately for you, the consumer
and taxpayer. Such a cost estimating package
would assist in the continuation of our ambi-
tious space program to ensure the United
States of continued preeminence in space
exploration of development and attaining our
new goals for Space Station, to the Moon, and
to Mars.
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Location @

IFPB No. : IFB10-0009-9 OF 1/14/89

Bid Date ° FEBRUARY 23, 1989

Amendment : 1 OF 02/08/89

Estimate Code: ci04d .

PCN : 94051

contract No. 2
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KSC Cost Engi

Project Engin
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Tanner/Joe Brown
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Location: KSC Hgbld Fla

Ssubmittal Date: 02/17/89

Estimated BYy: Joe Brown/Pat Tanner

Phone No.: 867-3268/367-3447
Reviewed BY:
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LIGHTING LAYOUT

OCT 1988
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21 STEPS FOR MAKING BID ESTIMATES
GENERAL_CONTRACTOR

GOVERNMENT

1. Get the bid package from wner/A&E/govemn\ent Same
;" *Read plarts Same

3, " *Read spech Same

‘4, *Make checK list from specs and plans Same

5, *Tell civil, mechanical, electrical engineers you pifferent
need estimates on their portions—- ASAP

‘6. *Make site visit Same
7. Same
8. *DoJEthidxtensions a Same
-9, FEFICEOaE)labor and materials Similar
Similar

10. *Get cuotes on own items

11. *Marksup own™ tax, insurance, O.He, profit, bonds Similar

12. achecirestimate Same

13. »add~inrcivid, mechanical and electrical Similar
estimates, etc.

14. *Summarize mark-up. Do other summaries, etc. Similar

15. **Review overall estimate Similar

16. **Apply bid/maEket strategy - special conditions, Different
joint occupancy, down time

17. **Final mark-up Similar
18. **Aadjust for late vendor quotes and amendments Similar
19. **Final check | ' : Different
‘ (get bid bond)
20. Approve bid estimate and get signatures Same
| Same

21, Get bid in on time

*Most government estimates are prepared during the preliminary design phase
and finalized during the bid period; sometimes by A&E (architectural and
engineering firm), sometimes by consultants or support contractors.

xxSometimes also by A&E firma for government agency. TL
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For further information contact:
Ken VanderJagt, PE — (407) 843-1969
Hotel accomodations available by contacting:
Howard Johnson Resort Hotel
Walt Disney World Village
1 (800) 223-9930 or
(407) 828-8888
A limited number of rooms are available
at a discount rate by mentioning AACE.
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’ 22nd Annual
Cost Engineering Symposium
on
CADD Estimating Systems

March 2nd, 1991
Howard Johnson Resort Hotel
Walt Disney World Village
Lake Buena Vista, Florida

— sponsored by —
The North Florida Section
of
The American Association of
Cost Engineers

Op &
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and
The University of Florida
Department of Civil Engineering

Additional Continuing Education Seminar

March 1st, 1991
Blueprint Reading and
Introduction to Cost Estimating



